Abstract After a sharp drop of rotavirus (RV) infections at Children's Hospital of Michigan, Detroit, USA in 2010 season, we noted an increase in the number of cases during the 2011 season including some RV vaccine (RVV) recipients. This study was conducted to determine the circulating genotypes during 2011 season and whether the increase in RV diarrhea was caused by replacement genotypes. G and P genotypes were determined by RT PCR and nucleotide sequencing of selected strains was performed. The vaccination rate among study patients was 24 %. RV strains from 68 stool samples were genotyped including 18 from vaccinated children and 50 from unvaccinated children. The predominant G genotype was G1 (58.8 %) followed by G9 (17.7 %) and G4 (15.5 %). P[8] was the predominant P genotype (68 %) followed by P[6] (17.6 %) and P[4] (3 %). All G9 strains were associated with P [6] . The most prevalent G-P combination was G1P[8] (56 %), followed by G9P[6] (17.6 %). Similar proportions of RV genotypes were found among vaccinated and unvaccinated children. Our local data suggest that 5 years after the introduction of RVV there has been no genotype replacement. Although a small increase in G9P [6] [7, 8, 14] . The number of infections has decreased markedly since the introduction of two live rotavirus vaccines (RVV). The vaccines do not contain all of the common G and P types. RotaTeq (Merck) is a pentavalent humanbovine reassortant vaccine that contains G1, G2, G3 and G4 combined with P[8], the most common P type. Rotarix (GlaxoSmithKline) contains only G1P [8] . Replacement of RVV serotypes with others has been observed with G5 becoming more prevalent in South America, and P[6] being detected in more than half of symptomatic infections in Africa, and suggestions that G9 may be emerging as the most common G type world wide [6, 15, 19, 20] . In addition, G12 genotype has also been emerging in different countries [17, 22, 25] .
that the most prevalent genotype combinations in our community were G1P [8] (21.4 %), which is included in both vaccines, followed by G9P [8] (20.4 %), G4P [8] (13 %) which is included in one of the two vaccines and G9P [6] (8.8 %) [1] . Although G9 was the most prevalent G type at 39.5 %, P [8] , which is in both vaccines, was the most prevalent P type [1] in the early time period. There was a sharp drop in the number of children who presented to our hospital with RV gastroenteritis during 2010 (49 RV-positive cases), however, the number increased to 238 cases in 2011. This is consistent with the new biennial activity of RV that has been noted in different parts of the USA in the post-vaccine era [3] .
We therefore conducted a follow up study to determine the circulating genotypes during 2011. The aim of the study was to determine whether a change in RV genotypes accounted for the significant increase in RV infections in 2011 as compared to previous seasons. We postulated that the increase in RV diarrhea would be caused by replacement genotypes: that G9 would have replaced G1, and/or that the most prevalent P type would be other than P [8] , perhaps P [6] . Of the 238 cases, 150 had available stool left over samples for analysis. Of these, 72 samples were selected for RV genotype analysis. Four specimens did not provide enough PCR product for analysis. Study subjects ranged in age from 8 days through 70 months (mean 24.4 months, median 16 months). They presented to our emergency department during the RV season of 2011 and were diagnosed as having RV diarrhea by the Sure-Vue RotaTest (Fisher HealthCare, Houston, TX, USA). The remaining 68 subjects included both vaccinated (18) and unvaccinated (50) children. Each vaccinated patient specimen was matched with specimens from unvaccinated patients presenting within 1 week. Vaccinated children were defined as those who could be shown to have received at least one dose of RVV at least 14 days prior to presentation, as determined from our hospital records or after querying the Michigan Care Improvement Registry of the Department of Community Health of the state of Michigan. The vaccination rate in this study group (24 %) exceeded that in our previous study (7 %), in our area where children tend to be under-vaccinated. The study was approved by the Institutional Review Board of Wayne State University School of Medicine.
Stool samples were stored at -80°C until tested. The molecular techniques used in the determination of G and P types were similar to those described previously [1, 7, 9, 12] . Specific primers to detect G1, G2, G3, G9 and G10 as well as P [4] , P [6] , P [8] , P [9] , P [10] and P [11] were used. PCR products of all G9 and P [6] genotypes were verified by nucleotide sequencing. The VP7 sequences of G9 strains isolated were compared with other strains isolated in the recent years and the reference strain AF060487 (UN 1204/Indiana/US). Phylogenetic analysis and sequence alignment (Fig. 1) The predominant strains during the 2011 study period were G1P [8] at 55.9 %, and G9P [6] at 17.6 %, including 13 patients who had more than one viral genotype (Table 1) . G1 was found in 50/68 (73.5 %) of stool samples, while G9 was found in 20 (29.4 %). P [8] was found in 54 (79.4 %) stool samples. Similar proportions of RV genotypes were found among vaccinated and unvaccinated children.
The most frequent circulating G-P combinations in the present study were G1P [8] and G9P [6] . All G9 strains in this study were associated with P [6] [1] . G9 and P [6] are not included in the current two vaccines; however, clinical studies have shown efficacy of these vaccines against G9 strains [18, 23] , probably due to the presence of P [8] in both vaccines and predominance of G9P [8] in areas where vaccine trials were conducted. However, protection by either RotaTeq or Rotarix against G9P [6] strains, which share no neutralization antigens with the vaccine strains, could be a major challenge.
The introduction of mass RV vaccination programs in 2006 has resulted in a sharp drop of RV gastroenteritis cases requiring hospitalization worldwide [5, 24] . In some countries distinct genotypes were detected more frequently after introducing RV vaccines. In Australia and Brazil, G2P [4] prevailed in children given Rotarix [10, 13] . In Australia and USA infection due to G3P [8] occurred more frequently among children vaccinated with RotaTeq [4, 11, 16] . However, in another study the distribution of RV genotypes did not differ between vaccinated and unvaccinated children [2] . Thus, it is likely that in the setting of sporadic exposure to natural RV infections, there might not be a constant selection of a particular genotype among vaccinated and unvaccinated children [16] .
Although the small number of patients analyzed precludes valid statistical comparisons between the vaccinated and non-vaccinated groups, the G1 and P [8] proteins present in both vaccines predominated in both the vaccinated and the unvaccinated groups. Thus although vaccination overall has greatly reduced the number of deaths and hospitalizations due to RV, our local data suggest that 5 years after the introduction of RVV there has been no genotype replacement, a small increase in G9P [6] genotype frequency was noted and G1P [8] remained the predominant strain of RV in our urban community. 
